20 1-The brine of Lake Vida (Antarctica) contains oxychlorines complicating the study of 21 volatiles 22 2-Carbon-limited experiments do not provide data on the effects of oxychlorine breakdown 23 3-High reduced-carbon/oxychlorine ratio is needed to detect organics on Mars via pyrolysis 24 if these reactants co-occur 25 https://ntrs.nasa.gov/search.
The brine samples analyzed were collected during the 2005-2006 and 2010-2011 150 expeditions to Lake Vida. The brine sampling strategy is described in Doran et al. [2008] and 151 Murray et al. [2012] . All samples were poisoned with mercuric chloride and kept refrigerated at The methods for solid phase micro extraction [SPME; Pawliszyn, 1999] and GC-MS 163 were modified from that described in Niki et al. [2004] and Jaraula et al. [2008] . For the LVBr, 164 a 2 mL aliquot of brine was pipetted into headspace sampling vials, which were previously baked 165 at 500˚C for 12 hours. While the samples were continuously stirred, after 30 minutes, the liquid 166 phase was sampled by direct immersion (DI) using a so-called "black" fused silica fiber coated 167 with 75 μm of Carboxen ® /polydimethylsiloxane (PDMS) phase (Supelco) or a "blue" fused silica 168 fiber coated with 65 μm of PDMS/divinylbenzene (DVB) phase (Supelco). These SPME fibers 169 were chosen because of their versatility, their comparable selectivity, and importantly because 170 9 they have different organic phase coatings. These differences in composition provide a mean for 171 easy distinction of the contribution of SPME phases to the volatiles analyzed.
172
Prior to use, fibers were activated for 30 minutes at 300˚C (black fiber) and 250˚C (blue 173 fiber) using the split/splitless injector of a Hewlett Packard (HP) 5890 gas chromatograph (GC) . 174 For the DI sampling, the SPME fibers were held for 40 minutes at 40±0.5˚C in the liquid phase 175 and transferred immediately to the injector of the GC. 176 The Carboxen ® of the black SPME fiber corresponds to Carboxen ® 1006, a solid 177 polymeric, porous, synthetic carbon molecular sieve dominated by sp 3 bonds with an even 178 distribution of micro (7Å), meso, and macro pores [Mani, 1999] . Carbon molecular sieve 179 polymers are produced by pyrolysis of organic polymers [Jochmann et al., 2014] . The
180
Carboxen ® 1006 and the DVB are embedded into, and partially crosslinked to, the liquid PDMS 181
polymer. All open solvent bottles were removed from the laboratory at least 16 hours prior to 182 SPME use in order to prevent contamination of the laboratory atmosphere.
183
For GC-MS, a HP 6890 GC coupled to a HP-5973 Mass Selective Detector (MSD) was 184 used in electron ionization mode at 70 eV with helium (Ultra High Purity, He 5.0, 99.999% from 185 Praxair) as carrier gas in constant flow at 1. when using a black fiber (Table 1) .
223
Analysis of the LVBr by DI-SPME GC-MS resulted in a total ion current (TIC) trace 224 dominated by the CO 2 , DCM, and dimethylsulfide (DMS; Fig. 2; Fig S1) . CO 2 was observed in 225 all brine samples and all blanks with perchlorates analyzed using both black and blue SPME analysis when using a black SPME fiber (Table 1) . When using a blue SPME fiber, the peak area 233 of HCl, monitored by the mass to charge ratio m/z 36, is 1 to 2 orders of magnitude larger than 234 when using a black fiber ( Fig. 1 ).
235
ii) The volatile organic sulfur compounds (VOSCs) identified upon DI-SPME GC-MS 236 include carbon disulfide (CS 2 ), DMS, dimethylselenide (DMSe), dimethyldisulfide (DMDS), and 237 dimethyltrisulfide (DMTS). CS 2 was observed in LVBr when using a black SPME fiber (Table   238 1). DMS, DMSe, and DMDS were observed in all LVBr analysis, independent of the SPME 239 fiber used (Table 1, MilliQ water with perchlorates. There is no source of sulfur in the SPME GC-MS system used, 244 and both the analytical blanks and the SPME runs of MilliQ water with ClO 4 did not produce 245 any VOSCs, suggesting that all VOSCs species must be derived from the brine itself. MilliQ water with perchlorate analyzed with a black SPME fiber but were not observed in the 255 MilliQ water with perchlorates when using a blue SPME fiber.
256 iv) C 4 , C 5 and C 6 hydrocarbons were identified (Table 1) . With the exception of 3-257 methylpentadecane that was observed when LVBr was analyzed using a blue SPME fiber, all 258 hydrocarbons were observed when a black fiber was used. Butane and n-pentane are present in 259 small to trace abundances. C 6 hydrocarbons are dominated by n-hexane with 2-and 3-260 methylpentane as well as methylcyclopentane (Fig. 2) . These hydrocarbons were observed 261 neither during analysis of MilliQ water with perchlorates nor in analytical blanks.
262
v) The aromatic compounds benzene and toluene were observed in DI-SPME GC-MS 263 analysis of LVBr with both black and blue SPME fibers. In contrast, C2-benzenes styrene and 264 ethylbenzene were observed exclusively when analyzing LVBr with a blue SPME fiber.
265
Aromatic compounds were absent in the MilliQ water with perchlorate (Table I) both Carboxen ® /PDMS and PDMS/DVB SPME phases (Fig. 3 ). In these experiments, the only 312 sources of carbon are the coating of SPME fibers and the liquid stationary phase coating of the 313 capillary column, (5%-phenyl-PDMS; Fig. 3 ). Thus, the CO 2 produced during analysis of LVBr 314 must be derived from both the oxidation of compounds original to the brine and oxidation of the 315 organic phases of the SPME GC-MS system. SPME analysis of organic compounds can be 316 influenced by the presence of Clon the SPME fibers, where it competes for adsorption sites 317 with other compounds. However, the abundance of HCl produced during analysis of MilliQ 318 water with ClO 4 is equivalent to the amount produced during analysis of LVBr with both the 319 blue and black SPME fibers (Fig. 1) . Thus, the Cladsorbed on the SPME fibers during DI of 320 LVBr does not significantly influence production of HCl during SPME GC-MS. Thus, the 321 chlorine of HCl is provided mostly by the breakdown of oxychlorines. As helium is used as a 322 carrier gas, it does not contribute to the hydrogen of HCl. The hydrogen could be derived from 323 residual water remaining on the SPME fibers after DI, from the organic phases of the SPME 324 fibers or the chromatographic column, or from organic compounds adsorbed on the fibers when 325 running a sample of LVBr. There are no significant differences in HCl abundance between LVBr 326 samples and MilliQ water with ClO 4 run ( Fig. 1 ), suggesting that the organic matter in LVBr is 327 not necessary to provide enough hydrogen to the system to form the HCl observed. The source of 328 hydrogen must then be either residual water or the organic phase of the SPME GC-MS system, 329 16 or both. HCl was not observed among the volatiles released upon headspace (HS)-SPME GC-MS 330 of LVBr when using a black fiber (Fig. S1 ). In HS-SPME, the fiber is not in direct contact with 331 the liquid sample, suggesting that residual water on the fiber is the likely source of the hydrogen 332 of HCl.
333
DCM is present in all LVBr samples analyzed, independent of the SPME fiber used. In LVBr upon DI-SPME GC-MS ( Fig. 2 and S3 ; ethylbenzene, and phenylsilane) could be evolved from the brine itself but could also be 389 degradation products of organic polymers involved in the SPME GC-MS system. Benzene and 390 phenylsilane could be derived directly from the breakdown of the liquid phase of the 5%-phenyl-
391
PDMS capillary column used (Fig. 3) . Benzene can also be derived from Carboxen ® as it was 392 observed in SPME GC-MS blank analysis using a black fiber by Lestremau et al. Fig. 3 ). The DVB of the blue 399 SPME fiber is most likely the source of the toluene and styrene observed, explaining why styrene 400 and ethylbenzene are not observed in experiments using a black SPME fiber. However, the 401 presence of a toluene peak in one of the LVBr DI-SPME GC-MS using a black SPME fiber 402 cannot be explained directly by contribution of GC column and SPME phases involved, unless 403 Carboxen ® , which composition is not well known, can also release toluene. toluene which may be derived from LVBr, are artifacts derived from the SPME phases. As may indicate that these compounds are not directly derived from the organic phases used in the 434 SPME GC-MS system. It also means that these compounds may not form from the reaction of 435 the byproducts of oxychlorine degradation with the SPME fiber in the GC injector. However, the 436 MilliQ blank with ClO 4 is completely depleted in carbon, and therefore, it is likely that any 437 hydrocarbon derived from the SPME fibers upon reaction with ClO 4 degradation products would 438 be oxidized to form CO 2 . As a result, we cannot determine if these hydrocarbons are actually 
Conclusions

573
The cryo-encapsulated, aphotic, anoxic LVBr contains a significant amount of 574 perchlorate (49 μg·L -1 ) and chlorate (11 μg·L -1 ). The persistence of these oxychlorines in the 575 anoxic brine is probably the result of the extremely low metabolic rates of the LVBr bacterial 576 community and the inhibition of oxychlorine reduction by the presence of abundant nitrate.
577
Analysis of volatiles from the LVBr by DI-SPME GC-MS using two different SPME 578 fibers showed that VOSCs are derived from LVBr and do not seem to be affected by 579 oxychlorines upon analysis. These VOSCs are derived from bacterial catabolism of DMSP a 580 27 products of photosynthesis and, like oxychlorines that are products of atmospheric 581 photochemistry, are legacies from a former Lake Vida that received light and external inputs.
582
LVBr is a good Mars analog for brine that may have been preserved under ice or deep in 583 lacustrine sediments. The presence of oxychlorines in LVBr also suggests that perchlorates could 584 be pervasive in any evaporative brine and lake sediments on Mars.
585
The analysis by DI-SPME GC-MS of MilliQ water with ClO 4 did not produce any 586 organic compounds other than DCM and oxygen bearing compounds, and produced much less of 587 those than during LVBr analysis, suggesting carbon limitation of the experimental system. The 588 composition of aromatic compounds observed upon analysis of LVBr is in part dependent on the 589 type of SPME fiber used during analysis, suggesting that some of these aromatic compounds 590 may be artifacts. The absence of aromatic compounds in the volatiles evolved upon analysis of 591 carbon-limited MilliQ water with ClO 4 indicates that these compounds must have been oxidized 592 to CO 2 or used to make C 1 -chlorinated compounds upon decomposition of the oxychlorines in 593 the injector of the GC. Thus, carbon-limited perchlorate blanks may not provide any information 594 on the potential formation of artifacts associated with oxychlorine decomposition. Our 595 experiments with LVBr suggest that these artifacts are observed only if enough carbon is 596 available during decomposition of the oxychlorines, preventing their full oxidation to CO 2 or C 1 -597 chlorides.
598
Analysis of results obtained on SAM analog experimental systems and obtained by SAM 599 on Mars suggests that carbon limitation has not been considered an important factor and that 600 some of the conclusions drawn on the basis of analog experiments may need to be reconsidered.
601
The appearance of high abundances of chlorobenzene as well as C 2 , C 3 and C 4 dichloroalkanes in 602
Sheepbed mudstone samples CB-3, CB-5 and CB-6 relative to other samples analyzed and 
